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population size and the retrospective nature of the analy-
sis. It does not provide comprehensive data on the natural
history of many VAAs. However, an advantage of a retro-
spective review of these rare lesions is that it can allow us
to learn from past experience and help to assimilate treat-
ment algorithms for patients presenting with VAAs.
METHODS
Thirty-four VAAs in 26 patients were diagnosed at the
University of Wisconsin Hospital over the past 10 years. Four
patients (15%) had multiple aneurysms: 17 splenic artery
aneurysms (SAAs), 7 hepatic artery aneurysms (HAAs), 3
celiac artery aneurysms, 2 superior mesenteric artery (SMA)
aneurysms, 2 gastroduodenal artery (GDA) aneurysms, 1
pancreaticoduodenal artery (PDA) aneurysm, 1 right gastric
artery (GA) aneurysm, and 1 ileal artery aneurysm. Fifteen
patients were male, and 11 were female. The mean patient
age was 56 years (range, 2-86 years). There were no pregnant
patients.
Five patients with diffuse atherosclerotic disease were
thought to have atherosclerotic VAAs. Four patients had
hypersplenism associated with liver disease. Other origins
included fibromuscular dysplasia (1 patient), Ehlers-
Danlos syndrome (1 patient), blunt liver trauma (1
patient), pancreatitis (1 patient), and chronic arterial
injury from duodenal ulcer (1 patient). In several patients
no obvious etiology was found for the development of the
VAA. (Table I). 
Of the four patients who had multiple VAAs, one
patient had multiple HAAs (3 aneurysms). Three patients
had multiple SAAs (1 patient with 2 aneurysms and 2
patients with 3 aneurysms each). The one patient who had
three SAAs also had a celiac artery aneurysm. Other asso-
Aneurysms of the visceral arteries are an uncommon
but potentially lethal form of vascular disease. These
lesions are rare, with an incidence of 0.01% to 0.2% in rou-
tine autopsies, but they are being diagnosed with increas-
ing frequency in the aging population.1 The most
commonly involved vessels include the splenic, hepatic,
superior mesenteric, and celiac arteries in decreasing order
of frequency. The gastric-gastroepiploic, jejunal-ileal-colic,
pancreaticoduodenal-pancreatic, gastroduodenal, and
inferior mesenteric arteries are less often involved.2
In the past, most visceral artery aneurysms (VAAs)
were discovered at autopsy, with rupture often being the
cause of death. Today, with the more widespread use of
computed tomography (CT) and angiography, many
aneurysms are being discovered in the asymptomatic state.
Most patients with VAAs still present with rupture,
emphasizing the need for a more aggressive treatment
approach to these rare vascular lesions. 
In 1986, Stanley et al3 reported that nearly 22% of all
reported patients with VAAs presented as clinical emer-
gencies, including 8.5% whose VAAs resulted in death.
Because these lesions are so uncommon, few series have
been reported involving more than 30 cases at a single
institution. Similarly, this study is limited by small patient
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Purpose: Aneurysms of the visceral arteries are infrequently encountered. Many are found incidentally and are thought
to have a benign outcome. To better characterize these lesions and their clinical course, we reviewed our experience with
visceral artery aneurysms (VAAs) at a single institution.
Methods: A retrospective analysis of all VAAs diagnosed at our institution over the past 10 years was performed. The
presentation, management, and outcome of therapy was examined for each patient.
Results: Thirty-four VAAs in 26 patients were diagnosed over the past 10 years. Four patients had multiple VAAs:
splenic (17), hepatic (7), celiac (3), superior mesenteric (2), gastroduodenal (2), pancreaticoduodenal (1), right gastric
(1), ileal (1) artery aneurysms. Associated aneurysms were found in 31% of patients and involved the thoracic aorta 
(3 patients), abdominal aorta (4 patients), renal arteries (2 patients), iliac artery (3 patients), lower extremity 
(1 patient), and intracranium (1 patient). In 15 patients (58%), VAAs were detected before rupture by chance or
because abdominal symptoms resulted in diagnostic evaluation. Eight of these underwent elective surgery, and there
were no deaths. Of those 15 patients with known VAAs, one patient died of rupture and hemorrhage from an untreated
splenic artery aneurysm. Eleven patients (42%) presented unexpectedly with rupture, and two died despite prompt sur-
gical treatment. The mortality rate in patients who had ruptured VAAs was 25%, including those who presented with
ruptured aneurysms and those observed whose aneurysms eventually ruptured. 
Conclusions: Aneurysms of the visceral arteries are rare but important vascular lesions. Associated aneurysms are com-
mon. Because of the risk of rupture, often with a fatal outcome, an aggressive approach to the treatment of VAA is
essential. (J Vasc Surg 2001;33:806-11.)
ciated aneurysms were found in 31% of patients and
involved the thoracic aorta (3 patients), abdominal aorta
(4 patients), renal arteries (2 patients), iliac arteries (3
patients), lower extremity (1 patient), and intracranium (1
patient). Four patients had associated aneurysms in more
than one location (Fig 1).
RESULTS
In 15 patients (58%), VAAs were detected before rup-
ture by chance or because abdominal symptoms resulted
in diagnostic evaluation. The 15 patients who presented
before rupture had 13 SAAs, 3 celiac artery aneurysms, 2
SMA aneurysms, 1 HAA, and 1 GDA aneurysm. Ten
patients were asymptomatic, four of whom were found to
have VAA incidentally while undergoing preoperative CT
or angiographic evaluation for asymptomatic aortic
aneurysm. Three patients were found to have asympto-
matic VAAs on celiac arteriography done for preoperative
evaluation for liver transplantation. One patient was found
to have an asymptomatic SMA aneurysm during arteriog-
raphy to evaluate flank pain due to a renal artery aneurysm
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(Fig 2). One patient with a celiac artery aneurysm pre-
sented with a nontender pulsatile abdominal mass. One
patient was found to have a small SMA aneurysm on arte-
riography done to evaluate chronic intermittent gastroin-
testinal bleeding. 
Eight of the patients whose aneurysms were detected
before rupture underwent elective surgery. Elective proce-
dures that patients underwent are listed in Table II. There
were no deaths after the operations. Six of the patients had
no complications and are doing well on follow-up. One
patient, with an HAA, had postoperative pancreatitis and
later, an incisional ventral hernia. One of the patients who
underwent splenectomy and distal pancreatectomy for SAA
at the time of liver transplantation had a nonfatal postop-
erative myocardial infarction and pancreatic duct leak.
Seven of the patients whose VAAs were discovered
before rupture were treated with observation. Reasons for
observation included patient refusal (3 patients), multiple
comorbidities (2 patients), metastatic cancer (1 patient),
and sepsis from osteomyelitis (1 patient). Follow-up
ranged from 2 to 60 months (mean, 15 months). One
Table I. Etiology of VAA and associated conditions
Location (no.) Etiology (no.) Associated conditions (no.)
Splenic (17) Hypersplenism (8) Liver failure (4)
Pancreatitis (4) Multiple VAA (3)
Atherosclerosis (1) Polyarteritis nodosa (1)
Unknown (4) Pancreatic abscess (1)
Crohn’s disease (1)
Pancreas transplant (1)
Renal artery aneurysm (1)
Hepatic (7) Atherosclerosis (3) Thoracic aneurysm (3)
Ehlers-Danlos syndrome (1) Multiple VAA (1)
Trauma (1) Iliac artery aneurysm (1)
Unknown (3) AAA (1)
Lower aortic aneurysm (1)
Intracranial aneurysm (1)
Celiac (3) Atherosclerosis (2) Multiple VAA (1)
Polyarteritis nodosa (1) AAA (1)
Renal artery aneurysm (1)
Hypogastric artery aneurysm (1)
SMA (2) Fibromuscular dysplasia (1) Renal artery aneurysm (1)
Unknown (1) Gastroschisis, jejunal atresia (1)
GDA (2) Ulcer disease (1) Peptic ulcer disease (1)
Trauma (1) Blunt abdominal trauma (1)
PDA (1) Unknown (1) Previous cholecystectomy (1)
Right gastric (1) Pancreatitis (1) Pancreatic pseudocyst (1)
Ileal (1) Atherosclerosis (1) Polymyalgia rheumatica (1)
Total aneurysms = 34.
Table II. Elective operations for nonruptured VAA
Artery involved No. of patients Procedure performed
Splenic 2 Splenectomy and distal pancreatectomy, liver transplantation
1 Ligation with excision of aneurysm
1 Resection of pancreas transplant
Hepatic 1 Endoaneurysmorrhaphy with ligation of common hepatic artery
Celiac 2 Resection of aneurysm with aortoceliac interposition graft, prosthetic 
Superior mesenteric 1 Resection of aneurysm with interposition graft to SMA, hypogastric artery
patient with a GDA aneurysm was followed up, and the
aneurysm eventually thrombosed. One patient with sepsis
from osteomyelitis was found incidentally to have a SAA.
This aneurysm was observed, and the patient died 2
months later of causes unrelated to the aneurysm. Two
patients with asymptomatic aneurysms are awaiting surgi-
cal treatment (ie, liver transplant and repair of abdominal
aortic aneurysm [AAA]). Six of the seven patients treated
by observation of the VAA had no complications related
to their VAAs. One patient, however, who did not
undergo treatment of multiple asymptomatic SAAs later
died of ruptured SAA 6 months after successful liver trans-
plantation. 
Eleven patients (42%) presented unexpectedly with
rupture. There were eight males and three females with a
mean age of 60.5 years. There were patients with 4 SAAs,
3 HAAs, 1 right GA aneurysm, 1 GDA aneurysm, 1 PDA
aneurysm, and 1 ileal artery aneurysm in the group who
presented with rupture. Of the 11 patients who presented
with rupture of the VAA, signs and symptoms included
hypotension (5 patients), abdominal pain (5 patients), and
bleeding into the gastrointestinal tract (5 patients). All
patients who presented with rupture of their VAAs were
treated promptly: seven underwent surgery and four
underwent percutaneous embolization (Table III).
Emergency operative procedures for ruptured VAAs con-
sisted of splenectomy in two patients and ligation of the
aneurysm in five. Four patients with ruptured VAAs were
treated percutaneously with transarterial embolization,
one as a staged procedure. Two of these patients under-
went successful embolization of left HAAs and two
patients underwent embolization of the splenic artery 
for SAA.
Despite prompt surgical treatment, two patients pre-
senting with ruptured VAAs died in the hospital during
the postoperative period (Table IV). Another patient had
postoperative pneumonia requiring tracheostomy and had
a major stroke 3 weeks after ligation of the bleeding
aneurysm. One patient who underwent emergency
splenectomy for ruptured SAA had postoperative pneu-
monia and cardiac arrhythmia requiring defibrillation, but
recovered and was eventually discharged from the hospi-
tal. One patient who was treated percutaneously for SAA
developed prolonged ileus, splenic infarction, and forma-
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Fig 1. This patient undergoing arteriography for treatment plan-
ning of an enlarging TAA was found to have multiple HAAs
(arrow) as well.
Fig 2. A young woman with fibromuscular dysplasia underwent
arteriography for evaluation of left flank pain with a known left
renal artery aneurysm. An asymptomatic aneurysm of SMA
(arrow) was discovered. Both aneurysms were treated with exci-
sion and vascular reconstruction.
Fig 3. This patient underwent emergency operation for rupture
of HAA. Aneurysm was located proximal to GDA and was treated
with excision of aneurysm and ligation without vascular recon-
struction.
tion of a splenic abscess. Three of the surgically treated
patients and three of the percutaneously treated patients
who presented with rupture did well and had no further
complications related to their VAAs. The mean age of the
patients whose aneurysms eventually ruptured was 60.5
years, not significantly different from the total group. Of
the patients whose aneurysms ruptured, 67% were male,
and 33% were female.
Twelve patients in this series had rupture of a VAA,
with a mortality rate from rupture of 25%. This number
includes the 11 patients who presented with rupture and
the 12th patient whose aneurysm ruptured during obser-
vation. Four patients had multiple VAAs. The patient with
multiple HAAs underwent successful thoracoabdominal
aneurysm (TAA) repair and refused any treatment for
these multiple small HAAs. At 2.2 years follow-up, he has
not had any complications. Two of the patients with mul-
tiple SAAs had liver failure and were being considered for
transplantation. One patient is doing well with observa-
tion alone, whereas the other underwent successful liver
transplant and died of ruptured SAAs 6 months later. One
patient with multiple SAAs presented with rupture and
underwent successful transarterial embolization of the
splenic artery. 
DISCUSSION
VAAs are rare but clinically important vascular lesions.
The importance of VAAs lies in their potential for rupture
and life-threatening hemorrhage. With the increasing use
of CT and angiography, many aneurysms are being dis-
covered before rupture or thrombosis in patients being
evaluated for abdominal pain or other disease. Despite
these advances, a significant number of VAAs are not dis-
covered until patients present with symptoms from rup-
ture. Review of the patient experience in this study and in
other published series may give some information about
the risks of rupture for the various types of VAAs and the
results of treatment.
The reported risk of rupture of SAAs is low in cases
not associated with pregnancy. Early reports documented
a 10% risk of rupture, but contemporary reports suggest
that rupture rates are closer to 2%.4 The mortality rate
associated with rupture of SAAs, however, is significant
and has been reported to be 36%.5,6 Although the rupture
rate of SAAs is thought to be low in most patients, the
presence of an SAA in certain patients, such as women of
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childbearing age, represents a serious and potentially life-
threatening condition. Because of the tendency of SAAs to
rupture late in pregnancy, with high fetal and maternal
mortality rates, treatment of SAAs is indicated in pregnant
patients or in women of childbearing age who might
become pregnant.3
The increased use of CT scanning after blunt liver
trauma has led to the increased detection of HAAs.2 In up
to 80% of patients with HAAs, rupture of the aneurysm is
the reason for the first medical consultation, when patients
present with pain or hemorrhage.7,8 As in other published
series, most patients with HAAs in this study presented
with rupture. Rupture of HAAs occurs with equal fre-
quency into the peritoneal cavity or biliary tract. Rupture
may also occur into the duodenum, gallbladder, portal
vein, or stomach.2,3 The overall mortality rate with rup-
ture of HAAs is reported to be high, ranging from 21% up
to nearly 35%.2,3
SMA and celiac artery aneurysms are most often
symptomatic at the time of presentation, with intermittent
abdominal pain being most common.9 These lesions often
contain mural thrombus, which can cause symptoms by
chronic embolization or may lead to thrombosis of the
artery, resulting in acute mesenteric ischemia. In this small
series, both patients with SMA aneurysms were asympto-
matic from their SMA aneurysm. Approximately 38% to
50% of patients with SMA aneurysms and 13% of patients
with celiac aneurysms present with rupture.6,9,10 Patients
may present with acute abdominal pain, hypotension, or
sudden death. The mortality rate after rupture of SMA
aneurysm is reported to be 30% and up to 100% for celiac
artery aneurysm rupture.2,9,10
GA and gastroepiploic artery (GEA) aneurysms are
often the result of an inflammatory process, such as pan-
creatitis, peptic ulcer disease, or vasculitis.3 Although a few
GA and GEA aneurysms are discovered during angiogra-
phy for other diseases, up to 90% of patients reported pre-
sent unexpectedly with rupture.8 Approximately two
thirds of patients with rupture present with gastrointesti-
nal bleeding, whereas one third rupture into the peri-
toneal cavity. The one patient with GA aneurysm in this
series presented with gastrointestinal bleeding. Because of
the serious complications associated with aneurysm rup-
ture, aggressive treatment is recommended for nearly all
GA and GEA aneurysms. Similarly, pancreatic artery/
PDA and GDA aneurysms are often associated with pan-
creatitis, which leads to periarterial inflammation or vessel
erosion from an adjacent pseudocyst. Because of the rela-
Table III. Emergency operations for ruptured VAA
Artery involved No. of patients Procedure performed
Splenic 2 Splenectomy
Hepatic 1 Ligation
Right gastric 1 Ligation
Gastroduodenal 1 Ligation, oversewing
of duodenal ulcer
Pancreaticoduodenal 1 Ligation
Ileal 1 Ligation
Table IV. Complications of ruptured VAA
No. of patients Complication(s)
3 Death
1 Pneumonia, stroke
1 Pneumonia, cardiac arrest
1 Splenic abscess, prolonged ileus
tionship to pancreatitis, 80% of patients with pancreatic
artery, PDA, and GDA aneurysms have symptoms of
abdominal pain.3 The one patient in this series with a PDA
aneurysm presented with hemorrhagic shock and had
stroke and pneumonia postoperatively. Although this
patient survived, the mortality rate with rupture is high,
26% to 50%, supporting the need for early diagnosis and
treatment.3,11
Aneurysms of the mesenteric branch and inferior
mesenteric arteries are rare, accounting for only 3% of all
VAAs.1 Patients may present with abdominal pain, gas-
trointestinal hemorrhage, or shock (in up to 52% of
patients).3,9 Most of these aneurysms are discovered dur-
ing exploratory celiotomy for gastrointestinal bleeding or
intraperitoneal hemorrhage. The ileal artery aneurysm in
this series was responsible for postoperative bleeding in a
patient who recently underwent repair of a TAA and was
discovered at reexploration. Because these are such rare
aneurysms, the rate of rupture of SMA branch and inferior
mesenteric artery aneurysms is unknown. Although the
risk of rupture is thought to be low, the mortality rate with
rupture is 20%.
Treatment options for VAA depend on the presenta-
tion of the patient and location of the aneurysm, as well as
patient comorbidities and risk factors. On the basis of our
review of past experience with VAA, several recommenda-
tions for treatment can be made. Patients presenting with
rupture require urgent treatment, because many will have
severe hemorrhage with hypotension. Most of the VAAs in
this series requiring emergency surgery were treated with
ligation of the aneurysm without reconstruction. This is
appropriate therapy in patients with adequate collateral
circulation, especially for the unstable patient presenting
with rupture. Patients presenting with ruptured SAAs are
most often treated with splenectomy, removing the por-
tion of the artery containing the aneurysm. Ligation with-
out reconstruction can be performed for HAAs proximal
to the GDA (Fig 3). Ligation is also preferred in emer-
gency situations for aneurysms of the GA, GEA, PDA, and
pancreatic artery. Emergency treatment of mesenteric
branch artery aneurysms consists of ligation of the
aneurysm and resection of ischemic bowel segments. As
mentioned previously, many patients with ruptured VAAs
have concomitant comorbidities such as pancreatitis, liver
failure, chronic obstructive pulmonary disease, and heart
disease, which put them at increased risk for surgery. In
fact, both of the deaths in the group presenting with rup-
ture underwent prompt operation but died in the postop-
erative period. 
As technology and experience evolve, many VAAs are
being treated with percutaneous embolization (Fig 4).12-14
In this series, four patients with ruptured VAAs were treated
with percutaneous embolization. Although one patient had
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Fig 5. Percutaneous embolization of SAA in high-risk patient
resulted in partial splenic infarction. Patient had abscess that was
successfully treated percutaneously with drainage.
Fig 4. A, Intrahepatic artery aneurysms may be difficult to treat
surgically without partial liver resection. B, Transcatheter
embolization resulted in successful thrombosis of aneurysms.
A
B
partial splenic infarction (Fig 5), the other three did well,
and there were no deaths in this group. Two of the patients
treated percutaneously for ruptured SAAs had active pan-
creatitis and liver failure with esophageal varices, making
them high risk for emergency splenectomy. Transcatheter
embolization has become an even more popular treatment
modality for HAAs, especially for intrahepatic lesions.6,14
The two patients in this series who were treated with
embolization for bleeding intrahepatic aneurysms did well
despite multiple traumatic injuries and comorbidities.
Patients with GA, GEA, PDA, GDA, and pancreatic artery
aneurysms often have multiple medical problems, such as
pancreatitis, that place them at increased operative risk.
These patients may also benefit from less invasive treat-
ment. Our recent experience suggests that transcatheter
embolization of VAA is an attractive therapeutic option for
patients at high risk for operative repair or those with
aneurysms that are difficult to treat surgically.
In our experience, elective surgical treatment of non-
ruptured VAAs is safe and effective therapy. There were no
deaths in the group who underwent surgery for nonrup-
tured VAAs. Because this review is retrospective, it is likely
that patients undergoing elective surgery were at lower
risk for surgical complications. However, on the basis of
this experience, several recommendations for elective
repair of VAA can be made. Celiac artery and SMA
aneurysms usually require resection of the aneurysm with
revascularization, usually by interposition graft or bypass
graft. SAAs may be treated electively by splenectomy or by
ligation of a proximal lesion, with splenic preservation.
Laparoscopic ligation has been reported with good results
but was not used in this series. Excision of the aneurysm
with vascular reconstruction is recommended for the
treatment of HAAs involving the GDA.5
Despite the high morbidity and mortality rates associ-
ated with aneurysm rupture, seven patients in this series
were observed. Most often, these patients were observed
because they refused surgery. One of the three deaths in
this series was due to rupture of an untreated SAA in a
liver transplant recipient. This anecdote suggests that
VAAs found incidentally at the time of celiac arteriography
for liver transplant evaluation should not be observed, but
rather treated, either percutaneously before transplanta-
tion or surgically at the time of organ transplantation.
Patients who are undergoing immunosuppression for
organ transplantation may be at increased risk for VAA
rupture. On the basis of this experience, observation is not
recommended unless a patient is terminally ill. VAA found
in patients undergoing abdominal surgery for other patho-
logic conditions should be treated if possible. Those
patients at high risk for surgery or those with VAAs who
are difficult to access surgically should be considered for
percutaneous embolization.
There were no consistent risk factors for rupture iden-
tified in this small series. Although it seems logical that
larger aneurysms may be more likely to cause symptoms,
even small VAAs can rupture. Sizes of VAAs vary depend-
ing on the arterial bed. There is some evidence that small
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SAAs (<2 cm) in elderly females may be safely observed.
Similarly, etiology cannot be identified as a risk factor for
rupture. A large proportion of our patients had diffuse ath-
erosclerotic disease as well as VAA. Because it is no longer
appropriate to label infrarenal AAAs atherosclerotic
aneurysms, these aneurysms were labeled unknown etiology.
In summary, aneurysms of the visceral arteries are rare
lesions that have the potential for rupture and hemor-
rhage. Many patients will have other associated visceral,
aortic, or peripheral arterial aneurysms that require treat-
ment as well. Asymptomatic aneurysms that are discovered
incidentally during the evaluation of other abdominal
pathologic conditions may later progress to rupture if left
untreated. Advances in percutaneous embolization tech-
niques have provided more treatment options for patients
who are at high risk for surgery or who have aneurysms
that are difficult to treat surgically. Elective surgical treat-
ment of VAA is well tolerated in most patients. Thus, an
aggressive approach to the diagnosis and elective treat-
ment of most VAAs is appropriate. 
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